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ABBTHACT:  A translation  of  s lecture  on  "The  Sensitivity  of  Explosives", 

by  Masayoshi  Hi  ini  in  Japanese  is  given  herein.  An  abstract  of  this 
lecture  appeared  in  Chemical  Abstracts,  V»23  (1939)  • sic  tract 

vas  taken  verbatim  from  the  Japanese  Journal  of  Engineering,  16,  62  (1938). 
The  author  claims  to  have  proved  the  accuracy  of  his  calculated  theoretical 
formula  far  sensitivity  of  explosives.  Therefore,  it  sewed  worthwhile 
to  neks  the  ccaplete  English  text  of  his  lecture  available  to  thnee 
coooerned  viih  sensitivity  of  explosives. 
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The  abstract  ol  Masayoshi  Hi  Ini ’a  lecture  which  appeared  in  Chemical 
Abstracts  indicated  that  a fundamental  contribution  to  a theory  of 
sensitivities  of  explosives  had  been  made.  Therefore,  a photostatic 
copy  of  the  Japanese  text  of  the  lecture  was  obtained  and  has  been 
translated.  The  assistance  of  Comasndar  R.  tf.  HcHitt,  UBS,  in 
obtaining  the  photostat,  and  in  procuring  translation  are 
acknowledged  with  gratitude. 


EDWARD  L.  WOODWARD 
Captain,  DBH 
Comsnder 
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uRsmcnon 

The  artlclo  cm  the  Sensitivity  of  Explosive 8 by  Masayoshi  Blind 
vas  published  in  the  Journal  of  the  Military  Explosives  Society  ^0,  ®°*  44 
106-lU  (1936) . The  photoatatic  copy  vas  obtained  by  the  Department  of  State. 
Their  Tokyo  mission  found  that  a copy  of  the  original  Journal  is  filed  in 
the  Library  of  Tokyo  University.  This  was  traced  through  the  Batlcnal  Diet 
Library,  who  obtained  the  pbortostatlc  copy.  It  seisms  probable  that  this 
photostat  li>  tbs  only  one  available  in  the  United  States  end  the  translation 
thereof  is  the  only  English  translation  in  existence.  Tbs  translation  follows. 

SOMAHT 

A formula  far  the  sensitivity  of  explosives  has  been  derived  from 
the  theoretical  view  of  tho  sensitivity  of  explosives  by  aiding  physical 
and  chemical  interpretations  to  it.  Vb  discovered  from  this  formula  that 
the  sensitivity  of  explosives  could  be  analysed  from  two  factors,  chemical 
and  physical.  The  accuracy  of  the  derived  formula  has  been  proved  by  the 
sensitivity  test  mode  by  dropping  a hssxastr  on  picric  acid  and  on  tetryl 
under  various  temperatures.  Calculating  from  the  test  value,  the  activation 
energy  sf  the  picric  acid  and  tetryl  vero  75  Kcal/W?l  end  33  Kcal/mol 
respectively.  Consequently,  wo  will  show  here  that  oven  for  those  typical 
explosive  cocpounds  the  molecule  itself  la  not  necessarily  unstable. 

THEOKT 

Derivation  of  the  Theoretical  Formula 

According  to  the  theory  cf  cbenlcal  reactions  a molecule  must  acquire 
more  energy  then  a given  quantity  £,  for  its  own  decomposition . Ba  Is  the 
so  called  activation  energy.  Bcv  tbeh,  the  energy  within  a molecule  consists 
cf  the  energy  of  vibration  of  atoms,  energy  of  rotation  of  the  molecule  and 
energy  of  the  electrons.  However,  in  regard  to  the  activation  of  a solid 
molecule,  it  is  generally  believed  that  cf  these  energies  the  vibration 
energy  is  the  only  problem.  In  other  words,  EA  consists  of  only  energy  of 
vibration  of  the  atoms  within  that  molecule. 

This  principle,  of  course,  could  also  be  applied  to  explosives. 
Turtherraoro,  it  is  known,  in  regard  to  explosives,  that  la  order  to  bring 
shout  an  explosive  decomposition  of  a mass  as  a whole,  a great  msay 
neighboring  molecules  must  be  decaspoeod  in  a Hwt-fcwi  area  simultaneously.  W 
In  other  words,  when,  by  soon  method,  the  energy  which  is  necessary  far  the 
^ecoanoaltiAn  cf  sssy  neighboring  molecules  is  «vi«d  on  a 11ml ted  mass  of 
an  explosive  compound,  a sufficiently  large  number  of  neighboring  molecules 

^lecture  delivered  at  the  third  University  Association  Meeting  by 
Masayoshi  Hiimi  a It.vy  OrGnanee  Lt.  (6r.  grade)  attached  to  the  Be  search 
Section  of  the  naval  Explosive  Factory. 
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are  activated  by  the  cooperative  action  created  by  the  simultaneous 
decomposition  of  molecules  In  that  area  rad  thereby  on  ea^loelve 
decomposition  is  created.  With  this  occurrence , the  action  is  propagated 
to  the  entire  explosive  mass  '*y  a chain  r section  and  the  entire  mass  is 
exploded.  Many  neighboring  molecule 3 such  as  described  above  constitute 
a so  called  explosive  center  'izJL  their  number  is  represented  here  by  n. 

« 

Bov,  if  the  average  energy  possessed  by  a molecule  of  aa  explosive 
at  a given  temperature  is  expressed  by  E,  the  average  energy  vhich  is 
necessary  for  the  activation  of  that  molecule  at  that  temperature  in 
SA  - 2.  Consequently,  the  necessary  energy  to  start  an  explosion  of  that 
mass  of  explosive  is  n(EA  - E). 

When  an  energy  A Is  exerted  on  on  explosive  tost  material,  only  l/s 
of  this  energy  vlU  be  consumed  In  tie  formation  of  an  explosive  center 
in  the  test  material.  Then,  when  energy  A satisfies  the  following  formula, 
the  explosion  will  occur,  and  when  it  does  not  satisfy  the  formula,  the 
explosion  will  not  occur. 

A/e  ■ n(EA  - 2) 

, Y U) 

or  A «*  sn(EA  - E) 

In  other  words,  formula  (l)  is  a theoretical  formula  which  shows  the 
sensitivity. 

As  stated  above  in  formula  (l),  the  EA  is  created  frem  the  vibration 
energy  of  stomp,  end  the  vibration  energy  of  the  atoms  is  the  only  energy 
which  effects  the  specific  heat  of  a solid  ut  ordinary  temperature.  Therefore, 
the  E in  formula  (l)  can  be  re prooented  by  formula  (2); 


E 


CvdT 


In  the  above  formula,  H.  is  Avogadro's  nvxnber,  Cy  is  the  molecular 
heat  at  cccctsnt  volute,  am  T is  the  absolute  tes^erature.  Since  S is 
known  and  a function  of  temperature,  formula  (1)  gives  the  relation  between 
the  temperature  and  sensitivity;  when  the  S of  formula  ti)  19  replaced  by 
formula  (2),  the  formula  (3)  can  be  derived: 


sn(E. 


Two  Factors  of  Sensitivity 


.*r 

H 


CydT) 


Looking  at  formula  (l),  it  is  evluent  that  the  sensitivity  can  be 
attributed  to  two  factors,  chemical  and  physical.  In  other  words,  n (XA  - E) 
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5 a & chealcal  factor  and  Is  the  necessary  aruergy  to  aaplodn  » mass  of 
explosive.  Consequently,  it  is  peculiar  to  each  aapiaAiv*  an«  peculiar 
in  each  aolaeuie  of  the  coapouBde  Also,  s Is  a physical  factor  and  is 
related  to  the  ratio  of  the  energy  that  is  consumed  in  the  formation  of 
an  effective  explosive  center  out  of  the  total  energy  exerted  on  the  test 
material.  Consequently,  it  is  determined  by  the  physical  properties  of 
the  test  materials,  test  conditions,  etc.  The  sensitivity  of  each 
eaqploslve,  therefore,  is  characterised  by  the  magnitude  of  thoee  two 
factors,  and  explosives  are  classified  by  their  sensitivity  as  in  Table  1. 

Table  1 


Classification  of 


osivee  by  Soasitivlt: 


Chemical  Factor  Snail 
Physical  Factor  Steal! 


Small 


large 


large 

Small 


Sensitivity 


Most  insensi- 
tive 


Most  sensitive  Sensitive  to  Beveree  of 

heat  but  inse&3±-  the  second 
tire  to  ouch  kind 

physical  actions  as 
shock  and  friction 


m discussing  tho  relationship  between  the  sensitivity  of  explosives, 
such  physical  and  chemical  characteristics  os  the  molecular  structure  of 
the  explosives,  heat  of  formation,  best  of  explosion.  Ignition  point,  and 
the  activation  energy  must  also  bo  taken  into  consideration.  Also  it 
should  be  understood  that  tho  difference  in  sensitivity  of  tested  explosives 
of  the  same  type  results  from  different  test  methods  and  is  •mused  by  physical 
factors.  For  axaapla,  the  equivalent  relation  between  shock  sensitivity  and 
friction  sensitivity  is  expressed  as  a factor  cn  both  testa.  While  it  may 
be  called  shock  sensitivity  or  friction  sensitivity,  in  the  final  analysis 
it  does  not  consent  anything  but  the  difficulty  or  ease  of  transmitting 
mechanical  energy  exerted  on  the  test  material  by  abode  or  friction  to  the 
explosive  ss  a vibration  energy  of  the  atoms  which  compose  the  molecules 
of  the  explosive. 

The  A in  formula  (l)  can  be  determined  experimentally,  and  tbs  value 
of  S corresponding  to  the  test  temperature,  can  be  detendasd  from  formula  (2). 
Consequently,  the  activation  energy  SA  and  m can  be  computed  from  a eat  of 
data  obtained  from  the  sensitivity  test  carried  out  under  various  temperature 
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A sensitivl^  test  toy  bszsosr  dropping  on  picric  acid  end  tetryl 
vie  carried,  out  at  various  tesperatuios. 

Teat  Bangles 

(1)  Aire  cryatallim  picric  acid  with  a malting  point  at  121.4 
degree*  centigrade  and  tetryl  with  a railing  point  at  130.2  degrees 
centigrade 

(2)  Test  quantity 

Sheas  cscplea  were  carefully  weighed  in  a chemical  balance.  She 
amount  usod  we  0.060  grams  in  the  first  test  aid.  0.0635  gross  in  tbs 
second  teat. 

(3)  Sh*pe , compression  end  wrvppirg 

Quantitatively  weighed  picric  acid  or  tetryl  was  trapped  In  two 
pieces  at  tinfoil  (230  toy  300  millimeters  weighing  6.00/^6.09  grams) 
{diameters  15.5  millimeters  end  9.9  millimeters  far  the  first  test,  end 
diameters  Ik. 5 nilllrantera  end  8.5  mllllmaters  for  the  second  test),  and 
each  saqple  was  caqpressod  under  a pressure  of  25  kilogram  per  square 
oontlaotar,  and  thereby  uade  into  dials  of  10  millimeters  diameter  far  the 
first  test  end  $ millimeters  diameter  for  the  second  test.  Both  were  of 
1 millimeter  thickness. 

Banner  Dropping  Apparatus 

(1)  Weight  at  hsezner:  2.173  kilogram* 

(2)  Apparatus  tar  hammer  dropping 

An  electraaegact  was  used.  The  mechanism  was  arranged  so  that  electric 
currant  was  sent  first  through  the  privacy  coil  which  flrnnagmtlned  the  core 
and  let  tho  hamnar  drop  toy  its  own  weight.  In  the  use  of  this  apparatus, 
the  consistency  in  the  manner  of  dropping  the  hammer,  the  most  important 
factor  controlling  the  accuracy  of  the  sensitivity  test,  was  markedly 
favorable. 

Reeding  of  Tamporaturea 

For  the  reeding  of  temperatures,  a platinum  wire  sealed  thermae*  ter 
was  used  in  order  to  decrease  the  time  lag; 

Testing  Method 

The  material  to  toe  tested  was  placed  on  a steel  column,  12.7  millimeters 
in  height  and  12.7  aUUnoters  in  dimeter,  which  in  'turn  vas  mounted  on  an 
anvil.  The  haxaaer  was  dropped  on  it  end  the  occurrence  or  absence  of  an 

k 
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explosion  wa  Observed. 

Test  Results 

Test  results  era  shorn  in  Tables  2 through  5#  sod  in  figures  1 and  2. 


table  2 

Picric  Acid  (Tent  l) 

(Test  Weight  O.OSO  g - Testing  Diameter  10  on) 


Test  Temperature  Height  a?  Fell 

^ teL 


47.2 

25.0 

46.6 

46.6 

32.5 

i)6.o 

46.0 

37.0 

45.4 

*6.5 

45.8 

45.8 

54.5 

45.2 

44.6 

62.5 

44.0 

44.6 

71.0 

44.0 

Explosion 

Critical  Explosion 

Ratio 

(can) 

22/40 

46.8 

19/40 

22/1*0 

46.4 

17/40 

19/40 

46.2 

15/40 

20/40 

45.8 

22/40 

45.4 

19/40 

17/40 

44.9 

u/4o 

19/40 

44.7 

13/4o 
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Tfcbla  3 

Picric  Acid  (ikct  2) 

(3tost  Weight  0.0635  £ * Tost  Disaster  9 on) 


Test  Tnpereture 

(°v 


migfat  Ejploeioa  Critical  Bsploaico  Point 
(cn)  P&tlc  (cm) 


19.5 

U.9 

i?Ao 

12.1 

1^.5 

£1/10 

11. 5 

£0/10 

21.5 

12.5 

29/hO 

12.1 

11.9 

13/10 

26.5 

12.2 

12.5 

£2/10 

31.5 

11.5 

13/Ho 

11.8 

12.3 

• 

23/I0 

38.0 

ll.l 

lS/10 

11.5 

11.7 

21/10 

11.1 

13/10 

1V.0 

11.9 

23/10 

11.1 

1 

I 

1 

1 

« 

! 


1 

a 

I 

a 

a 
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J 

*4 

4 

* 

II 

i 

.» 


i 

I 

■A 

4 

4 

% 


*£ 
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Tablt  5 


n v :*■»  v*  * 
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CALCULASXOOB 

The  value  of  A at  various  temperatures  vaa  determined  by  this 
experlsuat.  In  order  to  use  formula  (l),  It  Is  necessary  to  know  the 
average  energy  E which  represents  the  energy  of  the  molecule  at  a given 
temperature . Sow,  tbs  test  values  of  the  specific  heat  of  picric  acid 
and  of  totryl  vMch  .’V'*-  determined  by  Taylor  end  Rtnloanhack  (3) 
axe  listed  in  the  first  and  second  colunna  of  Tables  6 and  7* 

The  following  formula  la  derived  from  Sins  tain's  theoretical 
formula  for  atonic  beat,  of  solids  as  a teat  formula  which  shows  the 
average  energy  of  solid  molecules. 


3fc  tola  formula,  K and Q are  constants,  ha  formula  (V),  when 
it  is  assumed  that  K * 2.8l  x 10'15  and  0 ■ $10  in  the  case  of  picric 
acid  and  K - i.2u  * 10“—  aadS  = 272  in  the  coco  ef  tetryi,  ® ******** 
in  srgsj  when  this  value  is  converted  to  calories  per  gran,  the  result 
shows  a satisfactory  agreement  with  the  test  valxee  as  listed  in  colimn  K 
of  Table*  6 and  7.  The  test  value  however,  le  the  molecular  heat  at 
constant  pressure,  and  in  this  case  it  1*  assumed  that  C J=*Cy. 


Table  6 


Tmaperstur*  Bangs 


>102.8  0.0 

•182.8  19.0 
•182.8  98.1 

-182.8  121.$ 


Average  Specific 
Heat 

0.176 

0.182 

0.210 


Heat  Capacity  (cal/s) 
Test  Value  CooDuted  Value 


0.219 


31.2 

36.7 

59-0 

66.6 


31-9 

37-0 

59.8 

66.7 
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25.0  46.8  9*99oc107  6.2Qk10‘13  2.24X1019  5-09X10’12 


32.5  46.4  9.90  6.52 

37.0  46.2  9.86  6.72 

*16.5  45.8  9.78  7.3* 

54.5  45.4  9.69  7.50 

62.5  44.9  9.58  7.87 

71.0  44.7  9.54  8.25 
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WgV  'u  t i y 

Tetryl  (Teat  2) 


Test 

Temperature 

_(°c)  ... 

Critical 
Falling  Haight 
(cm) 

A 

(•rg) 

E 

(erg/molecule ) 

sn 

(erg/molecule } 

22 

39.7 

8.48*107 

8.4lxKf13 

4,65xU019 

2.66X10*12 

28 

38.8 

8.27 

8.67 

II 

ft 

34 

38.5 

8.21 

8.94 

m 

n 

40 

37.85 

8.08 

9.20 

n 

n 

46,5 

37.25 

7.95 

9.48 

H 

rt 

52 

36.75 

7.84 

9-72 

ft 

?• 

Plotting  the  values  of  Tables  8 through  11,  for  A^£,  a straight 
Hue  results  as  la  shown  in  figures  3 and  4.  Consequently,  the  calculated 
results  from  formula  (l)  are  listed  in  the  fifth  end  sixth  collars  of 
Tehles  8 through  11.  In  other  words,  in  case  of  picric  acid, 

JolxLO*1-  ergs  per  molecule  or  74  Kcal/nol  was  obtained  txm  Teat  1 as  the 
activation  energy.  Also,  sn  Is  identical  within  the  teat  temperature  range 
and  Test  1 shows  2.24x2019  and  Test  2 shcr«»  1.9^10^9. 

In  case  of  totryl.  2.6x1c”12  ergs  per  molecule  or  38  Keal/nol  is 
the  Test  1 end  2.7x10'^  ergs  per  molecule  or  36  Kcal/nol  for  the  Test  2 
vers  obtained  for  tbs  activation  energy.  Also,  within  that  range  of  test 
temperature,  an  la  constant  and  is  $.2x10*9  tar  Test  1 and  4.6xl0i9  for 
Test  2« 


EXAM3HATI03  0?  THE  TEST  BESOMS 

The  activation  energies  of  picric  acid  and  tetryl  which  wars 
obtained  from  Test  l and  Test  2 (conducted  under  different  experimental 
conditions)  ere  equal  within  the  range  of  experimental  error  end  are 
77  Kcal/nol  and  38  Kcal/mol  respectively.  In  other  words,  the  amount  of 
the  activation  energy  of  picric  acid  and  tetryl,  which  are  typical  explosive 
compounds,  is  the  scene  as  such  non-explosive  compounds  as  saturated  hydro- 
carbons. Tills  proves  that  the  molecules  at  tna  explosive  compounds  are 
not  necessarily  unstable  and  the  reason  that  explosives  as  a system  (mass) 
ore  thought  to  be  unstable  is  simply  because  whan  a Halted  volume  of  an 


14 

restricted 
SECURITY  IHFCRMATXCH 


BESTfildED 
HAVQBD  £«part  2579 

ftxplcaivt  ’.460  starts  to  e^lodc,  tbs  entire  boss  explodes.  This  set  loo 
occurs  bassusttp  vben  the  limited  voluae  explodes , the  re  leased  energy 
is  great  enough  to  setivate  large  maters  of  naigbbcriug  molecules.  This 
feet  corrects  the  origins!  ides  that  the  molecules  of  explosives  ere 
•specially  unstable. 

Also,  In  regard  to  an  the  fact  that  the  oszae  results  are  obtained 
frcei  Test  1 end  Test  2 of  picric  acid  and  of  tetryl  prove#  that  a,  the 
physical  factor,  is  constant  since  n la  constant  In  those  tests. 

this  is  as  can  be  expected  sine*  test  conditions  era  always  the 
same  except  the  physical  characteristics  of  the  tested  materials  sad  tbs 
temperature.  Also  the  fact  that  the  an  is  snail  in  Test  2,  where  the 
diameters  of  ti*  tested  materials  were  mailer  compared  to  Test  1, 
definitely  coincides  with  the  results  expected  from  the  shave  theory. 

By  the  results  of  these  tests,  the  accuracy  of  the  calculated 
theoretical  foxaul&  for  sensitivity  has  been  proved. 
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